ZOOLOGICAL SCIENCE 4: 411-425 (1987)

© 1987 Zoological Society of Japan

REVIEW

Tumors in Amphibia

Makoto AsasHiMA, Tsutomu OINUMA' and V. BENNO MEYER-RocHOW?

Department of Biology, Yokohama City University, Seto 22-2,
Kanazawa-ku, Yokohama 236, 'Department of Anatomy,
Miyazaki Medical College, Kiyotake, Miyazaki 889-16,
Japan, and *Department of Biological Sciences,
University of Waikato, Hamilton, New Zealand

INTRODUCTION

Amphibians, together with reptiles and fishes,
are poikilothermic (or ectothermic) animals and
are often referred to as lower vertebrates. The
principal body structures and organs of lower
vertebrates, however, are the same as those of the
higher vertebrates such as birds and mammals. It
is not surprising, therefore, that tumors of amphi-
bians with regard to the organs affected by the
tumor, the morphology of the tumors and the
relationships between factors of tumorigenesis
and tumor formation, are basically the same as
those of other vertebrates, including the human
being. Many investigators have been studying
tumors mainly in mammals and this, no doubt,
has increased our knowledge concerning tumors;
but at the same time aspects of comparative
oncology within different vertebrate classes have
been somewhat neglected despite a certain
amount of solid fundamental works [1-4].

Recognising the unique position of amphibians
as animals of both aquatic and terrestrial habitats
we and others before us [5-16] have been looking
for tumors, their causes, their growth patterns,
etc. in these animals for quite some time now.
Although amphibians have long been used as
suitable material for various lines of research
within the subject of biology, e.g. experimental
embryology, biochemistry, genetics and cell biolo-
gy, the number of reports on tumors in amphibia
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is relatively small. In mammals, birds and fishes,
on the other hand, many different kinds of tumors
have been studied and the number of reports is
larger.

There are two major explanations for the small
number of reports on amphibian tumor. One is
that investigators, who have used amphibians as
experimental material for all kinds of research,
may not specifically have looked for tumors and,
thus, may not have reported them [17]. Tumors
could have been overlooked and if investigators,
dealing with amphibians, had carefully examined
the internal organs of amphibia, various types of
tumors could possibly have been found. The
other explanation is that amphibians do suffer less
from tumor, because they may have some specific
tumor-repelling system which makes it especially
hard for a tumor to form in their bodies. In short,
they may be different from all other vertebrates
with regard to tumors [18, 19]. If such a charac-
teristic or something in the nature of amphibians
is present that prevents tumors from forming or
proliferating we have to identify these forces and
relate them to the characteristic way of life of
amphibians. For example, amphibians can live
both in water and on land; they highly depend on
the changes of the environment; as adults they are
entirely carnivorous, etc. In addition to the
ability to adapt to the environment, they have
other characteristics such as metamorphosis dur-
ing development and, especially in urodela, a
remarkably strong ability to regenerate lost or
damaged parts of the body. When we consider
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tumors of amphibians in relation to their unique
biological characteristics, on the one hand, and
their similarity to human neoplasms on the other
[5]. Amphibians may perhaps turn out to be
particularly suitable material for tumor investiga-
tion. Already Khudoley has been calling Rana
temporaria “a new experimental animal in cancer
research” [20]. The one amphibian tumor that
has been well investigated and has been known
for decades is renal adenocarcinoma in Rana
pipiens first reported by Lucké in 1934 [21]. In
addition to furthering our knowledge of tumor
generally, the purpose of our study on tumor of
amphibians is to recognise common problems in
cancer research and to study the biological nature

TaBLE 1.

of tumor by making use of the unique biology of
one group of vertebrates: amphibians.

Recently, papillomata in the newt Cynops pyr-
rhogaster and tumors in Xenopus laevis have been
found and investigated. In this review we intend
to summarize what is known about tumors in
amphibia, concentrating on studies of renal ade-

nocarcinoma in Rana, papilloma in Cynops and
tumors in Xenopus.

REPORTS ON SPONTANEOUS TUMORS

The number of reports on spontaneous tumors
in amphibians is smaller than that dealing with
tumors in mammals, birds and fishes. For exam-

List of spontaneous tumors in anurans (— 1986)

Species

Tumors (number of animals)

Sites

Rana pipiens

osteogenic sarcoma (1), adenocarcinoma (many)
carcinoma (6), teratoma (1), lymphosarcoma (3),
liposarcoma (2), epithelioma (1),

hepatoma (2), mesothelioma (2),
carcinosarcoma (1), rhabdomyosarcoma (1),
plasmacytoma (1), cystoadenocarcinoma (1),

thigh, kidney, lung,
fat body, muscle,
ovary, spleen,
bladder, viscera,
skin, liver, dermal
glands,

squamous cell carcinoma (7), papilloma (1)

Rana esculenta

carcinoma (1), fibroma (1), adenoma (1),
hepatoma (1), adenocarcinoma (1),

buccal cavity, kidney,
ovary, leg, liver

hypernephroma (1), sarcoma (1)

Rana catesbeiana
adenoepithelioma (2)
Rana clamitance myxosarcoma (1)

Rana temporaria

adenocarcinoma (2), neurosarcoma (1)

melanoma (1), epithelioma (1)

skin, sacral plexus,
kidney

tail

skin

cystadenocarcinoma and cystadenopapilloma (7)

Rana arvalis adenoma (1)
Rana ridibunda
Rana chensinensis
Bufo bufo

Bufo calamita
Bufo marinus
Bufo boreas

Ceratophrys ornata

adenocarcinoma (1)
adenoma (1)
fibroma (1)
fibrosarcoma (1)
Dendrobates pumilio erythrophoroma (1)
Hyla meridionalis guanophoroma (1)
Hyla arborea xanthophoroma (1)

Xenopus laevis

neuroma (3)

Xenopus fraseri lymphosarcoma (2)

cystadenocarcinoma and cystadenopapilloma (16)
tumor-like displasias (many)
capsulated tumor (1), fibroma (8), lipoma (1)

lymphosarcoma (3), carcinoma (1),

fibroma (1), adenocarcinoma (3),

fibromata (1), nephroblastoma (1), lipoma (1),
papilloma (1), adenoma (1), melanoma (8),

skin

skin

limb

kidney, skin, bladder
lung

parotid gland
muscle

leg, kidney

viscera, skin

skin

skin

kidney, pelvis, face,
under skin, viscera,
head, skin, liver,
orbit

viscera
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TABLE 2.

List of spontaneous tumors in urodeles (—1986)

Species

Tumors (number of animals)

Sites

Andrias japonica
Ambystoma opacum mixed tumor (1)

Ambystoma tigrinum

fibroma (2), carcinoma (1), fibroma (1)

limb, testis, under skin
skin

papilloma (1), fibroma (2), melanoma (1), skin

melanocytoma (1), myxofibroma (1)

Ambystoma mexicanum

melanoma (4), lymphosarcoma (3),
melanosarcoma (1), epithelioma (1),

skin, mouth, tail,
testis

adenocarcinoma (1), neuroepithelioma (2)
teratoma (1), testicular tumor (16)

Amphiuma tridactylum leiomyoma (1)

Necturus maculosus adenocarcinoma (1)
Triturus cristatus
Triturus alpestris
Triturus vulgaris
Cynops (=Triturus)
pyrrhogaster
Notophthalmus

viridescens
Cryptobranchus adenoma (1)

alleganiensis

adenocarcinoma (1), melanoma (1)

papilloma (many), nephroblastoma (1)
mesenchymal tumor (1), neuroblastoma (1)

lung
kidney
skin gland, skin

carcinoma (4), epithelioma (1) skin
chondroma (1), fibroma (25) skin
lymphosarcoma (1), sarcoma (5),

viscera, liver, skin,
kidney
skin, under skin, neck

testis

ple, Effron et al. examined tumors by necropsy
and by histology in various species of wild animals
which had died in the San Diego Zoological
Garden and in the Wild Animal Park region from
1964 to 1976 [22]. They found tumors in 2.75% of
3,127 mammals, 1.89% of 5,957 birds and 1.90%
of 1,233 reptiles, but they did not detect any
tumors in amphibia (0% of 198).

The number of reports on spontaneous tumors
in amphibians known to us up until 1986 is about
491 cases involving 18 species of anurans and
about 253 cases involving 12 species of urodeles.
Relevant data are listed in Tables 1 and 2. The
known amphibian tumors are dealt with in some
excellent reviews [8, 11, 17,22-28]. The number
of reports in anurans is greater than that in
urodeles which according to Brunst [29] is merely
a reflection of the greater extent to which anurans
are used in research. In some anuran species like
Rana pipiens, Rana esculenta and Xenopus laevis
several kinds of tumor were reported; the same
holds true for the urodele species Ambystoma
tigrinum, Ambystoma mexicanum and Cynops
pyrrhogaster. These species are frequently used
as experimental material in biology. Amongst the
tumors listed in Tables 1 and 2, there are some

reports dealing with precancerous changes and
tumors in Rana. Tumors in intersubspecific and
interspecific hybrids have also been reported, e.g.
in Xenopus laevis laevis X Xenopus laevis victor-
ianus and Rana pipiens X Rana palustris. Lym-
phosarcoma has been found in the viscera of the
former frog, which was produced by nuclear
transplantation. The tumor in the latter was
teratocarcinoma in the testes. The reported
tumors were classified into six types; epithelioma,
mesenchymal tumor, pigment tumor, blood cell
tumor, central nervous system tumor and repro-
ductive organ tumor. Epithelial tumors such as
adenocarcinoma, adenoma, and papilloma
accounted for nearly half of all reports. Epithelial
tumors are thought to be related to the fact that
amphibians have many glands in the skin and that
the skin is covered by a thin stratum corneum.
Mesenchymal tumors, such as fibroma, lipoma
and smooth muscle tumor, made up about a
quarter of the total. Tumors of pigment cells,
hematopoietic cells, and gonads could also be
encountered. Tumors of the central nervous
system were reported once each in anurans and
urodeles. It is very rare that the same type of
tumor has been found in many animals of the
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same species, but renal adenocarcinoma in the
leopard frog Rana pipiens (Lucké renal tumor)
and papilloma in the Japanese newt Cynops
pyrrhogaster (newt papilloma) are exceptions and
have been found in very large numbers. These
tumors will be discussed later.

Recently, a few reports on the incidence of
spontaneous tumors in amphibians have been
published. Khudoley and Mizgireuv collected 320
specimens of Rana temporaria and 978 Rana
ridibunda in the Leningrad region and found
tumors in 7 and 16 frogs, respectively [30]. There
were one to seven tumors in each frog and the
tumors were all cystadenopapillomata or cyst-
adenocarcinomas originating from mucous glands.
Infiltrations were not found in most animals, but a
metastasis was found in one frog. Mizgireuv et al.
collected many frogs and toads in three regions of
Southern Sakhalin [31]. They found tumor-like
dysplasiae of osteochondrous tissue of hind limbs
in Rana chensinensis. With 11.5% out of 1,095
frogs the highest incidences of the dysplasiae were
observed in point A, a place polluted with the
sewage effluent of a paper factory; in points B
and C the figures were 5.5% of 3,651 and 0% of
1,614, respectively. Oinuma et al. observed large
tumors in the dorsal region of four adult females
of the African clawed frog (Xenopus laevis) [32].
The tumor-bearing frogs were found in amongst
about 20,000 adults which were bred in artificial
ponds. Surprisingly, no tumors were seen in
about 10,000 larvae and 5,000 juvenile frogs. The
tumors of the four frogs were similar to each
other and were thought to be melanomas and
neuromas. In urodeles, Counts et al. reported a
mixed tumor in a male Ambystoma opacum [33].
The number of collected animals was not clear.
The tumor was composed of epithelial cells and
mesenchymal cells and it appeared rather benign.
Khudoley and Eliseiv found a melanoma in the
skin of one out of 272 axolotls (Ambystoma
mexicanum) of 5 months old [34]. This tumor
proliferated and metastasized during breeding.
Counts et al. captured about 300 newts (Notoph-
thalmus viridescens) and found a neuroblastoma
in one newt [35]. A cyst of connective tissue was
observed and the tumor occurred under the skin.

Deformations and abnormal growth in amphi-

bians have repeatedly been reported [36, 37]. In
1969 Rostand and Darré suggested that deforma-
tions such as brachymelia, polymelia, and poly-
dactylism in Rana esculenta could have been
caused by a teratogenic virus, which was carried
by certain species of fish like tench and eel [38].
These two authors, thus, appear to have been one
of the first to recognise the connection between
virus and abnormal regeneration. Other possible
causes of abnormal growth must, of course, not
be completely discounted [37].

FREQUENCY OF TUMOR OCCURRENCE

We have seen in the preceding section that
some kinds of tumor in anurans and urodeles are
nothing new and have been known for quite a
while. However, the types of tumor which could
be used or have been used as detailed ex-
perimental material for detailed investigations are
very few in number. The three kinds among them
which we shall discuss one by one are Lucké renal
adenocarcinoma in anurans, melanoma and
neuroma in the African clawed frog Xenopus, and
newt papilloma in urodeles. An important point
to consider is also the artificial tumorigenesis in
amphibians using carcinogenic materials.

1. Lucké renal tumor

Lucké renal tumor is an adenocarcinoma in the
kidney of the leopard frog (Rana pipiens) and was
first reported by Lucké in 1934 [21]. Since then,
this tumor has been investigated as a model of
tumors in lower vertebrates.
appears spontaneously at a relatively low frequen-
cy (less than 13%) in one kidney alone or on both
sides. Almost no metastases to other organs were
observed. However, when the frogs were kept in
a laboratory (at about 22°C) for a long period the
incidence of spontaneously appearing tumors in-
creased by about 50%, and metastases to lung or
liver became recognisable. The origin of the
tumor cells is considered to be the epithelium of
the urinary tubule, since microvilli were often
observed in the tumor cells. The transplantation
to healthy frogs is possible. When the tumor
fragment was implanted into the anterior chamber
of the eye, the transplants proliferated very rapid-

Lucké renal tumor
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ly [39, 40] and might induce formation of a tumor
in the kidney of the host.

McKinnell et al. examined seasonal fluctuations
of the Lucké renal tumor from 1965 to 1968 [41,
42]. They collected a total of 3,367 frogs from the
wild in spring, summer and autumn, and found
that the tumor-bearing frogs were most numerous
in spring and autumn (average 5.0% and 4.4%,
respectively), but considerably less so in summer
(0.14%). As for the reason of the rare appear-
ance of tumorous frogs in summer, McKinnell ef
al. considered that the tumor-bearing frogs were
easily captured by their predators and, thus,
showed a lower survival rate, but they could not
exclude the possibility that death of sick animals
or spontaneous regression of the tumor were
additional, important factors involved. McKinnell
et al. [42] collected a total of 1,363 frogs at 15
localities in Minnesota and it became obvious that
the frequency of the tumorous frogs depended not
only on seasons as described above, but also on
the specific region in Minnesota from which the
frogs came. In spring or autumn collections,
tumor-bearing frogs made up 0.9-14.0% in 9 out
of 15 regions, but no tumor-bearing frog was
found in any of the other 6 regions.

Thereafter, McKinnell et al. turned towards the
phenomenon of decreasing numbers of tumor-
bearing frogs in Minnesota [43,44]. In the
regions where many tumor-bearing frogs had
appeared in the springs and autumns of the years
1966-1975, they captured 685 frogs in 1977 and
1,216 in 1978 and 1979, but not one tumor-
bearing frog was found. Nowadays it appears to
be difficult to find renal adenocarcinoma in R.
pipiens from the wild, but a full explanation why
this should be so remains to be put forward.

2. Tumor in Xenopus laevis

Throughout the world the African clawed frog
(Xenopus laevis) has been used as an ex-
perimental animal for a wide range of biological
investigations. However, as stated in Table 1,
reports on tumors number only 24 cases. This
figure seems to indicate a very low incidence.
Oinuma ef al. examined the frequency of tumor in
Xenopus bred in an artificial pond in 1983 and
1984 [32]. In the first examination, they found

four tumor-bearing frogs in a population of about
20,000 frogs (0.02%). But following re-
examination 7 months later, no tumor-bearing
frog could be found at all. Compared with the
cases of Lucké renal tumor or newt papilloma the
frequency of tumor in Xenopus is really consider-
ably depressed. Considering Lucké renal tumor
and newt papilloma, normal frogs or newts kept
with tumor-bearing animals of the same species in
the same water tank for a long period (about a
year) developed the tumor with high regularity
(more than 50%). However, as for the tumor of
the African clawed frog, it did not occur in
normal animals for at least a year. It seems that
the infection is related to a virus and that the path
of the infection takes in Xenopus is different from
that of Lucké tumor or newt papilloma. In tissue
sections of the tumor in Xenopus, many mature
pigment cells were observed among the tumor
cells. The DOPA test was carried out on the
tumorous tissue, and positive results were
obtained [28]. Based on these results and the
long term-cultivation of these cells [45], the
tumors in Xenopus were thought to be mela-
nomas and neuromas.

3. Newt papilloma

Papillomata are occasionally found in the skin
of the Japanese newt, Cynops pyrrhogaster. The
tumors may be found anywhere on the body
surface but preferably occur on the tail, back, and
limbs. This tumor, which is also called epithe-
lioma, was first reported from one case each by
Honma and Murakawa [46] and Bryant [47].
Since then newt papilloma has been found in
large numbers in a variety of species (e.g. Diemic-
tylus viridescens : [48]; Triturus alpestris: [49]; T.
cristatus : [10, 50]) and presently newt papilloma
as well as Lucké renal tumor is considered to
represent important material for the investigation
of amphibian tumor [51-56]. As newt papilloma
often regresses and disappears during breeding, it
may turn out to be very suitable material to
analyse the mechanisms involved in the spon-
taneous regression of the tumor. Newt papilloma
grows by proliferation of epithelial cells of the
tumor region, but metastases have not been
observed in any organs other than the skin.
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Asashima et al. collected newts at specific
localities in Niigata prefecture from autumn of
1979 to autumn of 1983 and have examined the
seasonal changes of the papilloma [53, 54].

The total number of newts collected was 28,630
and the frequency of papilloma-bearing newts
among the collected newts was monitored for
every season. Papilloma-bearing newts were
numerous only in autumn (1.9-7.9%) whereas in
spring, summer and winter (0.16-0.32%, 0.47-
0.50% and 0.48-0.50%, respectively) they were
far less frequent. Though males tended to be
affected more commonly than females, it is not
clear if there really is a sex-related difference in
the abundance of papilloma. Seasonal peaks in
papilloma-bearing newts not only occurred in
Niigata but in definite regions of other prefectures
(Yamagata and Iwate), too.

The incidence of Lucké renal tumor was high in
two seasons per annum, namely, spring and
autumn, but that of newt papilloma was high only
in autumn. The reason for this difference is not
easy to understand.

Besides seasonal changes in the abundance of
papilloma-bearing newts, geographical variations
of the tumor frequency in autumn from 1980 to
1985 have also been examined [53, 54]. Newts
from 16 prefectures in Japan were collected and
examined whether they had papillomata or not.
Papilloma-bearing newts were numerous in
Aomori, Iwate, Yamagata and Niigata prefectures
(1.3-7.9%), less numerous in Yamanashi, Gifu,
and Shimane (0.7-2.6%), and least numerous in
Chiba, Shizuoka, Aichi, Kochi, Okayama, Naga-
saki, Saga, Kumamoto and Miyazaki (0-0.6%).
More newts from the North and West side of Japan
than from Southern and Eastern parts suffered
from papillomas. To complicate the picture, there
are prefectures like Kochi and Shizuoka in which
papilloma-bearing newts were found in some years
but apparently seemed absent in others.

THE RELATION BETWEEN TUMOR AND
ONCOGENETIC FACTOR

1. Oncogenic virus

The existence of viruses in amphibian tumors
has been proved in some cases. It became evident,
for example, that Lucké renal tumor was caused by
a virus [3,8]. In newt papilloma, too, virus
particles were detected [51, 53] and spontaneous
tumors have successfully been transmitted by
experiment (e.g. in Pleurodeles waltii: [57]). In
Xenopus lymphosarcoma virus particles were de-
tected and infection experiments gave equally
positive results. Particles resembling viruses were
also present in Xenopus melanoma. Fish-born
viruses were thought to be involved in abnormal
growth of appendages in Rana esculenta [38].

For Lucké renal tumor there no longer exists
any doubt that it is caused by a virus [35, 58, 59].
Lucké on the basis of the following observations
had already suggested that the tumor was caused
by a virus; the acidophilic inclusion bodies existed
in the nucleus of the tumor cells and resembled
those agents responsible for herpes infection [21].
When glycerinated or dried tumor was inoculated
to another, healthy leopard frog, the tumor
appeared regularly soon after [58]. At present,
this virus is known as Lucké herpes virus. Though
the virus was present in most instances, there were
cases in which it was not found. Rafferty noticed
that the virus was found in tumors of frogs
captured in winter, but not in summer material
[40]. Subsequently the virus was observed by
electron microscopy in the renal tumor of a frog
captured in winter, and in the tumor of a frog kept
at low temperature in the laboratory.

Actually, when seven tumor-bearing frogs in
hibernation were exposed to a higher temperature
(20-22°C), many inclusion-body containing cells
were observed at first but later they were broken
and the residues of cells and virus particles were
flushed out into the urinary tubules. Seven days
later, cells that did not contain any inclusion-
bodies were to be observed in the tumor [60]. On
the other hand, when frogs were captured before
they entered a lake for hibernation and they were
put in a cage and experimentally immersed in the
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lake [61], the virus was not found in the tumor
before the frogs entered the lake, but began to
appear seven days later so that more than a month
later all the tumors contained viruses. The water
temperature in the lake was 5-9°C. Even though
tumor-bearing frogs were kept at low temperature
in the laboratory, a similar result could not be
obtained. Thus, the maturation of the virus
appears to occur at low temperature while the
proliferation of the tumor cells requires higher
temperature. The encapsulation of Lucké herpes
virus is a hibernation-related phenomenon in
nature. Though the virus is not found in tumors of
the summer-type, it is believed that the virus
genome is contained in the tumor cells in a masked
or latent state [40].

When frog larvae were reared segregated from
early stages of development, the frequency of
tumor formation was almost the same as that
found in the field. The infection by virus from a
tumor-bearing frog to another healthy animal may
occur at an early period of development [40].
Furthermore, such an infection seems to occur
perhaps in spring, the season of spawning and
embryonic development. Horizontal infections
might well represent one pathway for the spread of
the disease, because experiments with transmitting
infections have been successful.

Generally, to know whether a virus is a tumor
agent, transplantation experiments have to be
carried out successfully. Cultured cells will have to
be infected with the virus and their transplantabil-
ity has to be affirmed. In Lucké tumor, it has been
proved that the virus was the etiological agent on
the basis of virus isolation, transplantation and cell
culture studies [96].

Tweedell separated the tissue of frog renal
tumor into cell organelle fractions which were kept
under low temperature [62]. Each fraction was
injected to sterilized early embryos or hatching
larvae. In embryos injected with the mitochond-
rial fraction, tumors were formed in the pro-
nephros or mesonephros in large numbers (13-
92%) during or after metamorphosis. In the
embryos injected with the microsomal fraction,
tumors were also induced in the metamorphosing
larvae or in juvenile frogs (0-50%). These newly
created tumors were proliferating renal adenocar-

cinomas. Furthermore, Mizell separated the
mitochondrial fraction of the tumor into several
fractions by the zonal centrifugation method and
obtained a fraction which readily induced the
growth of tumors when it was injected into early
embryos [63]. The establishment of cell lines
originating from the virus-induced pronephric
tumor was performed by Tweedell and Williams
[64]. Primary explants obtained from normal
pronephri of larvae were cultured in vitro and the
cells were infected with herpes virus obtained from
adult tumors. These cells were cultured for three
passages and the mitochondria-herpes virus frac-
tion was obtained from these cells. Then frog
embryos were inoculated with the fraction. When
the embryos developed and became tadpoles, the
tumor was formed in pronephros or mesonephros.
Dissociated cells were obtained from this tumor,
cultured, and two cell lines PNRT 4 and PNRT
were established. More than 85% of these cells
were epitheloid and the rest was fibroblastic.

Naegele et al. examined whether Lucké herpes
virus fulfilled Koch-Henle postulates [65]. Accord-
ing to Koch-Henle postulates, the experiment was
separated into 4 steps. (1) Herpes virus was
associated with kidney tumor of frog adult. (2) A
cell fraction, containing virus, was obtained from
the tumor. Tail-bud embryos were infected with
this fraction and allowed to develop until tadpoles.
Tumors were induced in pronephros or
mesonephros of these tadpoles at a high frequency
(about 62%). (3) Then the tissue fragments of the
induced tumor were cultured. If the tissue was
kept at 7.5°C, herpes virus was detected in the
nucleus, but if kept at 22°C, the virus was not
found. (4) Cultured tissue fragments were
homogenised and centrifuged. Early embryos
were inoculated with the supernatant and were
allowed to develop. Tumors were not induced in
animals inoculated with the cell extract kept at
22°C, but readily so (64.7%) when they received
the cell extract kept at 7.5°C. Herpes virus was
detected in the newly formed tumor. It had
oncogenic activity and it was the same virus
isolated from the tumor of wild adult frogs.

Nace et al. found an antigen “X” by im-
munoelectrophoresis and fluorescent antibody
techniques, which was contained in normal cells



418 M. AsasHIMA, T. OINUMA AND V. B. MEYER-RocHOW

but was absent from tumor cells. The antigen X
was identified as a lysozyme [66]. There were at
least eight isozymes in the normal kidney of adult
frogs. One of them always existed, three were
absent from the tumor and others were variably
distributed. Since frog lysozyme was thought to
possess activity against frog herpes virus [67], the
hypothesis was advanced that the absence of an
isozyme of lysozyme was linked to the virus
infection and the subsequent initiation of the
growth of the tumor.

Next, as for the newt papilloma, the existence of
virus particles was confirmed in the tumor by
Pfeiffer et al. [51] and Asashima et al. [53]. Which
type of virus group this virus belonged to has not
been clearly established yet. This virus resembles
the herpes virus and Lucké herpes virus in regard
to size and morphology but it is entirely possible
that newt papilloma virus belongs to the group of
iridoviridae [68]. Because the virus is often
observed to proliferate in the cytoplasm of papillo-
ma cells, the core of the virus particle must be
large and the form of the virus a 6-edged body.
This has to suffice to determine the nature of this
virus and the nature and size of nucleic acid of this
virus. Isolation of it will be required.

In newts papilloma transplantation experiments
were successfully carried out [69]. When tumor
fragments were implanted under the skin of
healthy newts, tumors were formed in the skin of
17% of the hosts within a year. The tumorous
tissue was then homogenized. When this homoge-
nate was used for inoculation in newts collected at
Kumamoto prefecture, a region where tumor-
bearing newts had not been found previously,
tumors did occur in 10.0-15.8% of these newts. In
these transplantation studies, the frequency of
tumor formation was higher than that of the
control experiments and that of newts captured
from nature. During the study of tumor homoge-
nate injection, it became obvious that we did not
know whether all the cells of the tumor were
destroyed completely, but at least it appears to be
the generally accepted view now that some fac-
tor(s) contained in the tumor cells induce the
tumor.

Differences in the protein patterns of papilloma
and normal skin tissues of the Japanese newt

Cynops pyrrhogaster were studied by the two-
dimensional (2-D) gel electrophoresis method.
Also compared were protein patterns of skin
derived from different regions of the same body
and that from male and females. Groupings of 11
protein spots specific to normal skin and 7 protein
spots specific to papilloma were detected [70]. The
papilloma specific protein spots were not detected
in the normal skin of adult newts, the skin of
larvae, the presumptive ectodermal region of
embryos, or such organs as the lung and liver.
There were some differences regionally, but none
by sex. One of the 11 spots specific to normal skin
of adult newts was found to coincide with one in
the spot grouping of larval skin. Two unique spots
were identified in normal larval skin. The possibil-
ity exists that the appearance of papilloma specific
proteins indicates the presence of virus associated
proteins.

Virus particles were also seen in at least two
cases of tumors of Xenopus laevis. In the first case,
virus particles were detected in lymphosarcoma by
electron microscopy [71]. A cell free extract
containing the virus of this tumor could induce
tumor formation. This infectious virus was about
0.05 gm in size. In the second case, a virus was
found in a melanoma of Xenopus laevis [32]. The
virus particles were often found in large number in
the nucleus of a tumor cell, and in some cells, it
was observed, that the inside of the nucleus was
filled with virus, which would actually spill over
into the cytoplasm. The virus found in the
melanoma of Xenopus was considered to be herpes
virus judging by its morphology, size and situation
of the core.

The existence of virus associated with tumor in
amphibians must, therefore, be regarded as fac-
tual. From now on amphibian virus-associated
tumors could provide material for the analysis of
tumorigenesis, cell transformation and cell dif-
ferentiation and for the comparative study of the
virology of tumor.

2. The effects of carcinogens

A large number of abiotic causes for tumorous
growths have become recognised, notably ionising
radiation and chemicals. The latter may exert their
effectiveness directly or indirectly through food
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uptake and the production of carcinogenic break-
down-products.

When a carcinogenic chemical, known to induce
tumor in mammals and fish following exposure to a
small quantity or dose of it, is given to amphibians,
the probability of inducing tumor is generally low
[27,28, 72].

Methylcholanthrene (MC), which is known to
induce skin tumor when applied to the skin of mice
and which induces sarcoma when injected sub-
cutaneously, exerts an effect that is broadly the
same in both anurans and urodeles. 3, 4-Benzo-
pyrene (BP) showed similar results. BP induces
only skin tumors in urodeles but tumors of internal
organs in anurans. Though hepatoma was induced
with dimethylnitrosoamine (DMNA), diethyl-
nitrosoamine (DENA), benzidine and aflatoxin in
anurans, no hepatoma was formed with these
carcinogens in urodeles.

It is thought that urodeles have strong internal
resistance to the hepatoma-causing carcinogens.
The authors examined newts (Cynops pyrrhogas-
ter) which were bred in water containing a carci-
nogen such as 4-nitroquinoline-1-oxide (4-NQO),
N-methyl-N"-nitro-N-nitrosoguanidine (MNNG)
or DMNA for a long period (a year), but no tumor
formation was found in any organ of these newts
(data not shown). It is suggested that urodeles
possess some kind of system which minimises the
effect of the carcinogens.

Regeneration phenomena are known to occur in
urodeles following amputation of a limb or the tail.
Though a carcinogen such as MNNG or 4-NQO
was administered into the regeneration blastema,
no tumor formation was observed and the dif-
ferentiation itself proceeded normally, though
various abnormalities (=morphological malforma-
tions) occurred. This problem will be discussed
later.

It seems certain that amphibians, and in particu-
lar urodeles, are less sensitive towards carcinogens
than other vertebrates. Since urodeles are the
least sensitive, they could possibly serve in con-
junction with their strong regeneration capacity as
a convenient experimental animal in the study of
the mechanisms of cellular resistance against carci-
nogens.

BIOLOGY OF TUMOR CELLS

The last published work of the Nobel laureate
Hans Spemann, the discoverer of the organiser in
the amphibian embryo, dealt with the tumor
problem [73]. He transplanted the organiser
region of gastrula stage embryos onto the liver of
the adult newt Triton taeniatus and finally found
the tumor cells resembling those of teratocarcino-
ma near the transplanted area of the newt.
Following this experiment, many other investiga-
tors have used the amphibian tumor cells to study
aspects of cell differentiation.

1. The relation between regeneration and tumor
cells

In amphibians, the number of reports on spon-
taneous tumors is less than that for other verte-
brates, and the resistance of amphibians towards
chemicals, which in other animals are known to
possess strong carcinogenic activity, seems to be
very high. If it is true that in amphibians tumors
have greater difficulty to form, then this may well
be related to the strong regeneration potential of
amphibians. Urodeles, in particular, have an
enormous capacity for regeneration. When limbs,
tail, or lens are amputated or removed, the powers
of regeneration in each amputated area begin to
work to reconstruct the original morphology.
Dedifferentiation, proliferation, redifferentiation
and morphogenesis occur in the amputated region,
which eventually is restored to the former state.
Tumor cells, however, escape from the contact of
normal cells and from the control in normal
tissues, and they proliferate independently and
abnormally ignoring the order of the surrounding
tissue. Though the cells in the “regeneration field”
proliferate abnormally, their degree of freedom is
minimised by the effect of the “regeneration field”
in the rest of the amputated region, which is also
involved in the process of normal cell differentia-
tion.

It is known that in urodeles, such as newts,
normal tissue dedifferentiates first before the new
specific structure is reconstructed in the regenera-
tion process [74]. Perhaps this was one of the
reasons why Jonas [75] argued, though not totally
unopposed [76], that the process of regeneration
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could be seen as a kind of cancerous growth.
Whether true tumor cells can be converted to
normal cells if placed in the “regenerating field”
is, of course, an interesting and important
problem.

Rose and Wallingfold transplanted the tissue
fragment of frog renal tumor into the limb of the
newt Triturus viridescens [77]. After the trans-
plant took hold and infiltrated the newt limb, the
limb of the host was amputated leaving the
tumor. In subsequent histological observations,
frog cells were distinguished from newt cells by
the size of the nucleus and the difference in
stainability with haematoxylin.  The results
showed that regeneration occurred in the normal
way in all cases, and that transplanted cells
originating from frog tumor differentiated into
muscle, cartilage and fibrous connective tissue
and freely mingled with and spread in the host
tissues. The cells of the renal tumor were
epithelial in origin, but they apparently differenti-
ated into many other directions. The results,
however, remain controversial, since a reinves-
tigation, carried out by Ruben [78] gave negative
results, i.e., the transplants kept their own char-
acteristic tubuli renalis (=or uriniferous tubule)
structures during regeneration and had not mixed
with other tissues.

There was an interesting report that urodele
epithelial tumor induced by treatment with MC
differentiated into normal tissue spontaneously
[79] but it is not clear to what extent the tumor
disappeared or became differentiated. Recently,
Tsonis [80] using newt papilloma, examined the
effects of the presence of a tumor on the process
of limb regeneration and the behaviour of the
tumor cells in the regenerated tail. He observed
that although the differentiation proceeded nor-
mally, the formation of the regenerative cone
became retarded in tumor-bearing newts. When
the tail with a tumor was amputated through the
tumor, the tumor cells covered the surface of the
wound but did not mix with normal epithelium
and did not invade the blastema.

The problem of redifferentiation of tumor cells
into normal tissue in the regenerating field needs
to be reinvestigated. A clear distinction of
transplanted tumor cells from host cells in trans-

plantation studies is paramount for the correct
interpretation of the results. Furthermore we
need to give attention to the question whether
tumor cells can be incorporated at all in the
regeneration process.

The effects of chemical carcinogens on regen-
eration have been examined. Urodela obviously
have a high resistance against carcinogens, and
malformations rather than tumors occurred as a
response. Tsonis and Eguchi treated forelimb
blastema with a crystal of various carcinogens
(about 5 xg), e.g. MNNG, 4-NQO, MC or BP for
7 days after amputation [81-83]. These carci-
nogens were not able to arrest the regeneration
completely, but abnormal bones were formed or
the regeneration was delayed. Abnormal limb
regeneration can be classified into several types.
For example, complete deficiency of both ulna
and radius; abnormal regeneration and poly-
morphism of carpal bones, metacarpal bones and
phalanges of fingers; hypertypic limb regenera-
tion, and incomplete limb regeneration. Normal-
ly newts have four fingers in the forelimb and five
in the hindlimb. When the left hindlimb was
amputated and a small crystal of 4-NQO was put
into 7-day blastema, the regenerated limb, de-
veloped an abnormal 6-fingered polymorphism,
but a tumor was not formed.

The effects of carcinogens such as 4-NQO or
MNNG on the cells of newt blastema are different
from those on normal cells of other vertebrates.
In newts the carcinogens show no carcinogenic
activity, but only cause changes in cell movement
or cell behaviour in the blastema. The blastema
cells of newt are very resistant and stable against
carcinogens. The relationship between the action
mechanism of carcinogens in the regeneration
process of urodeles and the reaction of blastema
cells in the regeneration field provides the tumor
scientist with a unique experimental system.

It is known that the iris in an eye also has
strong regeneration power. When the lens is
removed from an eye of a newt, cells of the upper
part of the iris dedifferentiate, proliferate, form a
lens vesicle, and bring about the regeneration of
the lens. At this time, a strong carcinogen was
administered into an eye ball after the removal of
the lens. But, once again, no tumor was formed
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as in the case of limb regeneration. Though only
one lens is regenerated in normal regeneration,
several lenses were regenerated following the
administration of a carcinogen. The lens, re-
generated while being treated with a carcinogen,
is normal with regard to lens differentiation and
transparency, but it seems almost impossible for
the eye to function properly, considering there
are several lenses in an eye [84]. This ex-
perimental system is very interesting if one desires
to study the mechanisms of cell differentiation
and cell reaction affected by carcinogens in lens
regeneration.

2. Nuclear transplantation and potency of cell
differentiation

Studies have been performed by means of the
nuclear transplantation technique to determine
whether the nucleus of a tumor cell possessed
latent pluripotency and whether it had genes
which enabled it to differentiate into various types
of normal cells, tissues and organs. King and
DiBerardino transplanted a nucleus from a Lucké
renal tumor cell into an anucleated egg [85]. The
nucleus was obtained from either proliferated
tumor cells of primary tumorous tissue which
were implanted into the anterior chamber, or
from cells which were cultured in vitro for a short
period. Out of the eggs with nuclear transplants,
1-5% reached the normal blastula state. In some
of them development proceeded to late neurula
and even larval state.

On the other hand, when the donor nuclei
originated from normal kidney cells 3% of the
eggs reached the blastula. The capacity to con-
tinue the process of cleavage was similarly de-
veloped in the nuclei from the tumor. However,
when nuclei from blastula or gastrula were used
as donors, 37% of all embryos reached the state
of blastula and 40% of them developed into
normal larvae. As for the arrest of the develop-
ment, at some stage, of the embryos with nuclear
transplants, it was shown that the chromosomes
divided abnormally during the early stages of
development and that the embryos, thereafter,
failed to develop normally [86]. Although abnor-
mal chromosomes occur frequently in embryos
which developed from nuclei that originated from

a differentiated cell, abnormal chromosomes were
relatively rare in embryos which originated from
nuclear transplants of undifferentiated cells.
From these observations it was concluded that
abnormal chromosomes in embryos coming from
nuclear transplants reflected the degree of dif-
ferentiation of donor nuclei prior to transplanta-
tion.

Then, to unambiguously show pluripotency of
renal tumor nuclei, the nuclei were marked and
made identifiable by being triploid [87, 88]. Since
the nuclei of the host cells were diploid, the
distinction between host nuclei and transplanted
tumor nuclei was possible. First, triploid early
embryos were obtained by the technique of low
temperature treatment. These triploid embryos
were infected with Lucké herpes virus. Embryos
which proceeded development and yielded tumor
cells in the pronephros were obtained. Next, the
triploid tumor cell nuclei were injected into
anucleated eggs. Then the eggs that had received
triploid tumor nuclei proceeded development, but
no tumor at all was formed. Moreover, to clarify
these results, the nuclei from cultured triploid
renal carcinoma cells were also transplanted [88].

Eggs with transplanted nuclei developed in such
a way that 47% of them became blastulae, 17%
and 20% became gastrulae and neurulae, respec-
tively, and 3% developed into swimming larvae.
The nuclei of these embryos were all triploid, and
histologically, the cells differentiated into all
organs of the body such as brain, spinal cord,
optic cup and lens, somites, pronephros, midgut
and so on. These results suggest that the nucleus
of a tumor cell is genetically multipotent and can
differentiate reversibly. Thus, using the nucleus
of Lucké renal tumor cell, normal cloned larvae
could be obtained. This is not only an important
result, which agrees with observations on plant
tumors [89] but also demonstrates a convenient
experimental approach to study the expression of
pluripotency of tumor cells and their ability to
redifferentiate.

3. Effects of temperature

It has already been described that both in
Lucké renal tumor and in newt papilloma, the-
abundance of the tumor depended notably on the
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season [41-44, 52-56]. One of the causes of the
seasonal change in tumor appearance is thought
to be temperature. Especially, since amphibians
are poikilothermic animals, they represent a con-
venient material to study the changes of tumor
cells by means of alteration of temperature. In
homoiothermic animals such as mammals,
although it is possible to change the temperature
regionally or even that of the whole body for a
short period, it is difficult to change the body
temperature from higher temperature to lower for
any length of time. Amphibians allow such
experiments to be performed and it is then
possible to investigate the effects of temperature
on the tumor, the regulatory mechanisms of the
body and the properties of the virus.

Newts with papillomata of moderate size (2.5-
3.5mm in diameter) were chosen. They were
divided into five experimental groups of different
temperature conditions (4,10, 13,25 and 30°C)
and bred under these controlled temperatures,
while the diameters of the tumors were measured
weekly [55,56,90]. As a control, papilloma-
bearing newts were bred outdoors in the shade.
The size of the tumor tended to increase gradually
at 10°C and 13°C which are temperatures similar
to those present in autumn, but it decreased
notably both at 4°C (lower temperature) and at 25
and 30°C (higher). Newts have the ability to
attenuate the tumor in their bodies; depending on
changes in environmental temperature, they may
even possess the ability to cure themselves and
have the tumor regress.

Interestingly, the tumor regression occurred at
both lower and higher temperatures, but it was
found by histological examination that the way
the regression occurred was different at both
temperatures. At the higher temperature end the
regression occurred more vigorously at 30°C than
at 25°C. The size of the papilloma began to
decrease soon after the animal was placed in the
higher temperature. Cells of the upper layer of
the tumor keratinized more actively than that of
normal epidermis, i.e., shedding off tumor cells
and size-reduction of tumor mass took place
simultaneously. On the other hand, under condi-
tions of the lower temperature movement of cells
into the dermal layer was observed though tumor

cells necrosed in part. The movement of cells was
found at the earlier period soon after the change
in temperature (within 4 weeks). However, the
apparent size of the tumor did not become
reduced in this early period. The reduction in size
began after two months, and the tendency of the
tumor to regress became more intense than at the
higher temperature condition.

Generally, epithelial cells proliferate in the
papilloma, but important changes in the dermal
and pigment layers are lacking. However, at
lower temperature, the number of cells in the
epithelium decreased and simultaneously, that of
the pigment layer increased. A down-growth of
the epithelioma cells was observed at 4°C (low
temperature treatment) [91]. The effects of
temperature became evident much earlier. The
mitotic index was strongly affected within as early
as one week after the onset of temperature
treatment. In the newts kept at 4°C or 30°C, the
mitotic indices remained low (0.03-0.27) through-
out the experimental periods, whereas under mild
temperature conditions (10°C), the mitotic index
of papilloma cells became significantly higher than
at other temperatures. It is evident that the
mitotic indices are closely related to the size of
the newt papilloma [91].

When newts with regressing papillomata,
caused by exposing them to lower or higher
temperatures, were once again maintained at
middle temperatures (10°C or 13°C), the tumor
cells began to proliferate and increase the size of
the tumor again. The growth of this tumor can be
controlled or regressed reversibly by the effects of
temperature. In addition to this effect, it has
occasionally been observed that newts are likely
to possess another method for curing a tumorous
growth.

Generally, the tumor regresses gradually by
depending on the change of temperature, but in
some newts the mass of tumor disappeared almost
abruptly from their bodies. This phenomenon
may represent a form of “spontaneous therapy of
tumor” in newts. It may be called “tumor cut-off”
and could be comparable to the casting off of the
tail in a lizard [74], and may be the most efficient
method, and certainly fastest, to deal with a
tumor. Practically, the process is achieved by
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blood vessels being clogged up by blood cells and
the subsequent prevention of the blood flow
through the tumorous tissue. As a result, tumor
cells necrose entirely and the mass of the tumor is
removed from the root.

When it became obvious that newt papilloma is
influenced by changes in temperature, it was
thought that amphibians could serve as ex-
perimental material to study tumor regression,
especially aspects of change and movement in
tumor cells, and the contribution of virus in
tumorous growth. However, to date almost no
study has been performed with such objectives.
For biochemical analysis, diamine and polyamine
levels in spontaneous skin papilloma of newt were
determined. In the papilloma putrescine was
most abundant among the polyamines being near-
ly 5 times higher than that in the control skin [92].

Tumor bearing leopard frogs and the virus are
not found in nature during summer. However,
the latent existence of a virus can be confirmed by
cold temperature treatment. Lucké renal tumor
is, therefore, also thought to be a convenient
system to analyse the effects of temperature on
tumor cells and the role that the virus plays. Back
to newts, it was pointed out earlier that they had
papillomata predominantly in autumn, whereas
Lucké renal tumor was present in large numbers
twice a year, namely in spring and in autumn. If
papillomas in newts would be controlled by means
of temperature as the only causation factor, newt
tumor ought to appear both in spring and in
autumn. However, as the frequency of the tumor
is actually low in spring, it suggests that factors
promoting the tumor are not only temperature
alone but others like, for example, hormones,
growth factors or properties of the virus, too. As
yet the different roles of these factors are not fully
understood.

There is proof of the close relationship between
temperature and cell motility and the cell move-
ment of tumor cells. McKinnell er al. observed
the distribution of microtubules in the cytoplasm
of Lucké renal tumor cells, the established cell
line PNKT-4B, the primary culture of renal
tumor and, as a control, normal kidney cells of
tadpole [93]. The cultures were kept at 20°C or
28°C and the microtubules were observed by the

immunofluorescence method. In all of the three
cultures, the microtubules were distributed reg-
ularly from the centre of the cell to the periphery,
but when the cultures were kept at 7°C the
distribution of microtubules in the tumor cells
became irregular while normal cells remained
unaffected. The microtubules of tumor cells quite
unlike those of certain dermal cells in fish [94]
become disordered by low temperature treatment
similar to the disorder of microtubules seen in
normal cells after application of a microtubule
inhibitor. In Lucké renal tumor, metastasis
formation occurs commonly at 28°C (77%), but
much more rarely at low temperature (6%). It
has also been suggested that the collagenase
secreted by Lucké tumor in vitro explants degra-
dated type 1 collagen at 30°C and was having an
effect similar to that of temperature during metas-
tasis formation [95]. However low levels of
collagenase were also released at room tempera-
ture.

In those studies meant to illuminate the effects
of temperature in newt papilloma the observed
cell movements did not always agree with the
results obtained on Lucké renal tumor. Nonethe-
less, amphibian tumor cells are excellent material
to study the mechanisms of tumor formation, the
complicated movement of cells at tumor growth
and the phenomenon of regression. We are,
therefore, convinced that human cancer research
can only gain from the work, presently under-
taken in various labs around the world, on
amphibian tumor and regeneration.
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